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I. Bihari in [l], examined the differential equation 
under the hypotheses 
f +f(t)g(x, 2) = 0, (E) 
(i) f : I + R, , I = [to , + co), to > 0, R, = [0, + oo), continuous 
and such that: 
I 
+m 
f(W = $00; t, 
(ii) g : R x R -+ R = (- 00, + co), continuous, sgg(x, y) = sgx and 
g(h AY) = Mx, Y) for any (4 x, Y) E R3; 
(iii) the solutions are uniquely determined by their initial conditions, 
and proved that under these hypotheses every solution of (E) is oscillatory. 
In the present paper, we give two theorems concerning oscillations of the 
solutions of(E). The first theorem extends the result of Bihari to an equation 
in which f is of arbitrary sign, and the second theorem shows that Atkinson’s 
condition in [2] still remains a sufficient condition for the oscillation of all 
solutions of (E) with g homogeneous of degree 2n + 1, where n is a positive 
integer. 
1. THEOREM 1. Consider the equation (E) under hypothesis (ii) and suppose 
also that : 
(1, i) f :I+R, continmus and 
i 
+m 
t0 f(t) dt = + ~0; 
(1, ii) there exists a constant C E R- = (- co, 0) such that 
for every UER; 
then every solution of (E) is oscillatory. 
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PROOF. Suppose that x(t) + 0 is a solution of(E) which is not oscillatory, 
then, since g( - X, - y) = - p(~, y), we may assume without any loss of 
generality that x(t) > 0, t E I. Now, using the transformation 
d(t) w(t) = _ ) 
x(t) 
t 61, 
we find (after differentiation and taking into account (E)) 
h(t) -I- m2(t) +f(t)g(l, w(t)> = 0; 
dividing both members of (2) by g( 1, w(t)) > 0, we obtain 
(2) 
ti(t) < -f(t), 
dl? 4)) 
tGI, 
and, by integration from to to t (t > to), we get 
s 
w(f) 
w(t,) 
(3) 
(4) 
Inequality (4) obviously leads to a contradiction, because the left member is a 
bounded function of t (bounded below by Eo,) dzl/g(l, U) + C), while the 
right member tends to - co for t + + co. 
Thus every solution of (E) is oscillatory. 
REMARK. In the case in which (1, ii) does not hold, the argument shows 
that every solution of (E) is oscillatory or tending to zero monotonically as 
t + + co. In fact, in this case inequality (4) yields 
4t) lim w(t) = lim - = - 03, 
t++m t-‘+m x(t) 
so that there exists k’ > 0 such that 
w -- 
x(t) <-8 (6) 
for t sufficiently large, which, by integration, gives 
0 < x(t) < x(T) e-(t-=) 
for every t > T, where T is some constant (T 3 to). 
2. We establish the following: 
(7) 
THEOREM 2. If in Eq. (E) we have 
(2, i) f : I + R, - {0}, continuous and such that: 
s 
im 
tf(t) dt = + co; 
to 
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(2, ii) g : R x R + R, continuous, 
%Y(X> Y) = w and g(h, AY) = ~2n+1g(x, Y) 
for every (A, x, y) E R3, where n is a positive integer; then, every solution of(E) 
is oscillatory. 
PROOF. Suppose again that x(t) + 0, t E I is a solution of (E) which is 
positive on I. Then, it is easy to show [cf., for example, [2]], that x(t) must be 
concave and strictly increasing on I, while its derivative k(t) must be non- 
negative and strictly decreasing on the same interval. Thus we have 
lim “0 = 0 
t++m x(t) 
and consequently, by use of the continuity of g(x, y), given a fixed positive 
E < g( 1,O) there exists a t, > t, , such that: 
for every t 2 t, . 
Now, following Atkinson’s proof, there exists t, > t, , for which we have 
x(t) 3 fs (s - tdf (4 &+), 44) ds 
= 
f 
1, (s - t,)f(s) x2n+1(s)g (1, #) ds 
>, Ml, 0) - 4 I;, (s - t,)f (4 X2n+1(S) ds 
= L s :, (s - tz) f (s) 9+1(s) ds. (10) 
The rest of the proof which leads to a contradiction, can be carried out in 
exactly the same way, as in [2]. Thus our assertion is true. 
REMARK. The theorem above generalizes partially a result of the author 
in [S]. 
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